Optical waveguiding LiNbO 3 film was grown on ͑001͒-oriented crystalline SiO 2 substrate by pulsed laser deposition. The film is highly ͑012͒ textured and has smooth surface. Its photoluminescence ͑PL͒ spectra were obtained by using the 514.4 nm line excitation of Ar ϩ laser, displaying a broad band peaked at 2.2 eV at room temperature and three well-resolved luminescent bands peaked at 2.3, 2.2, and 2.14 eV at liquid nitrogen temperature with different polarization properties. Spectral analysis indicates that these obtained PL bands arise from the self-trapped excitons and the EЈ defect pairs connected with oxygen vacancies in the LiNbO 3 film. © 1996 American Institute of Physics. ͓S0003-6951͑96͒00252-5͔
Recently, a series of techniques have been employed to prepare LiNbO 3 ͑LN͒ thin film due to its successful applications in waveguiding second-harmonic generation. [1] [2] [3] In the previous work, 4 we have fabricated optical waveguiding LN films formed on the crystalline SiO 2 substrates by pulsed laser deposition ͑PLD͒ and characterized their structures and waveguiding properties by means of scanning electron microscopy ͑SEM͒, x-ray photoelectron spectroscopy ͑XPS͒, and waveguiding m-line measurements. The experimental results indicate that PLD technique is very suitable for preparation of LN waveguiding films. [5] [6] [7] In this letter, we report observation of visible photoluminescence ͑PL͒ at room temperature and liquid nitrogen temperature from this kind of waveguiding LN films. Spectral analysis indicates that these observed PL bands are closely connected with self-trapped excitons and EЈdefect pairs in the LN films. So far, experimental results that suggested self-trapped of excitons in SiO 2 , Y 2 O 3 , and Al 2 O 3 have been accumulated. Our experimental results demonstrate for the first time that similar phenomenon also exists in LN thin films with oxygen octahedral structure formed on crystalline SiO 2 substrate.
PLD ͑laser ablation͒ was performed by using KrF excimer pulsed irradiation of 248 nm in wavelength, 30 ns in pulsed width, and 5 Hz in frequency. The average laser energy density of 1.5-2.5 J/cm 2 was chosen. A schematic drawing of the PLD system used in the work has been described previously. 4, 7 The laser beam was focused loosely on a rotating target ͑0.1 rad/s͒ that was mounted on the target stage along an angle of 45°with the laser beam. The single crystal disklike target of stoichiometric LN grown from the melt was chosen. The ͑001͒-oriented crystalline SiO 2 substrate of 10ϫ10ϫ0.5 mm was put on a hot stage kept at about 650°C. The distance between the substrate and the rotating target was 3.5 cm. The optimal pressure of 10-15 Pa of flowing oxygen was held in the deposition chamber as the reactive ambient. After deposition, the samples were kept in the chamber with an oxygen pressure of 0.6 atm at 650°C for 30 min and then cooled to room temperature at a slow rate to avoid oxygen deficiencies in the films. The asdeposited films were transparent with color fringes due to small thickness variations. Details of sample preparation have been described in the previous literature. 4, 7 The film used in the present investigations has been characterized by SEM and XPS before the PL spectra were measured. During PL spectral measurements, the LN film sample was attached to a sample holder placed in a vacuum at 300 and in a conventional cryostal at 77 K. A linearly polarized 514.5 nm line of Ar ϩ laser was introduced normally to the film sample surface. The emission was collected with a SPEX 1403 monochromater through a polarizer. A cooled RCA 3103 photomultiplier tube and photon counting electronics interfaced to a microcomputer were used to analyze the data. All the measured PL spectra were corrected for the polarization-dependent response of the measurement system. flection of low intensity of LN film besides the ͑001͒ reflections of crystalline SiO 2 indicates that the LN film is highly ͑012͒ textured. According to the x-ray diffraction result, the lattice constants a and c of the film with hexagonal crystallographic structure can be obtained to be 5.169 and 13.882 Å, respectively. These values are slightly larger than those of the bulk LN crystal ͑aϭ5.1494Å bϭ13.862 Å͒, indicating a very good consistency of composition and structure with the bulk material. A further checking on the orientation of the films grown at several substrate temperature revealed no remarked orientation difference of these films. The growth mechanism of highly ͑012͒ textured LN film may be due to the hexagonal structure of LN. The ͑012͒ plane is one of its six cleavage planes in which the vacant octahedral sites lie. 8 The existence of the vacancies will reduce the interfacial energy between LN film and substrate and promote the nucleation and growth of LN film during PLD. The difference in lattice constants are related to the lattice distortions and the derivation from stoichiometry in composition of the LN film. According to the previous XPS result for chemical composition of the LN film, 9 the atomic ratio of Li, Nb, and O at the surface of the film is 1.02:1.00:2.28. The ratio of Li and Nb is almost the same as that of LN bulk material with stoichiometry, but the number of oxygen atoms lacks about 24%. The existence of large oxygen deficiencies may be due to the lower pressure during PLD and the removal of oxygen atoms at the surface of the film by Ar ϩ bombardment before XPS measurement. Figure 2 presents the PL spectra of the LN film at room temperature. Curve a, measured under the condition of no polarizer, shows a broad PL band peaked at about 2.2 eV. Its intensity is larger than that of ordinary porous silicon. For crystalline SiO 2 substrate, the PL can be observed as shown in curve d for comparison. Curves b and c, which peak at about 2.24 and 2.14 eV, show the polarized PL spectra with polarization directions parallel and perpendicular to that of excitation light, respectively. The two polarized directions are in the plane perpendicular to the c axis of the crystalline SiO 2 substrate. However, for the LN film with ͑012͒ orientation, the former is about 27°made with the ͑001͒ orientation of LN film and the latter is almost perpendicular to the ͑001͒ orientation of LN film. Since the curve bis different from the curve c, the obtained PL is related to the deposited LN film. From Fig. 2 , it can be seen that the broad band at 2.2 eV is a composite consisting of several bands.
To identify their positions and origins, the PL spectra at low temperature 77 K were examined as shown in Fig. 3 . Curve a, measured under the condition of no polarizer, clearly displays at least three luminescent bands peaked at about 2.3, 2.2, and 2.14 eV. Two of them ͑2.2 and 2.14 eV͒ almost have the same energy as those at room temperature, whereas the third band ͑2.3 eV͒, which appears only at 77 K, occurs with a large intensity. The intensity of the 2.3 eV band was found to change with the excitation power as shown in Fig. 4 . Its intensity is almost linearly dependent up to 700 mW, which corresponds to a power density of 15 W/cm 2 on the sample. The linearity indicates that saturation of the emission centers is not important at these power levels. Curves b and c in Fig. 3 show the polarized PL spectra with polarization directions corresponding to those of the curves b and c in Fig. 2 . The curve b is similar to the curve a, whereas the curve c is completely different from the curve a. The intensity of the 2.3 eV band is obviously reduced, indicating that the transition dipoles of the band are parallel to the ͑001͒ orientation of the LN film. The different polarization properties of the three bands mean that they have different origins relevant to the LN film. From the positions and linewidths of these PL bands, we can infer that they cannot originate from metal ion transitions in LN film such as Fe ions which are frequently reported to occur in LN crystal, 10-12 because the energy levels of Fe ions are beyond the measured level range. We believe that the observed PL is closely connected with the LN film and affected by the crystalline SiO 2 substrate.
To identify the influence of substrates on the PL, we made the following experiments: ͑1͒ We examined the PL spectra of the LN films grown on other substrates such as sapphire, 13 MgO, 14 and Si 9 with amorphous SiO 2 buffer layer. However, the PL was observed in the measured energy range. ͑2͒ We examined the PL spectra of alternating LN/LT multilayers formed on same crystalline SiO 2 substrate. The obtained results are presented in Fig. 5 . Curve a, measured at room temperature, also shows a broad PL band with a peak energy of 2.2 eV. In the curve b, measured at liquid nitrogen temperature, three PL bands can be observed. Their positions are almost the same as those in the curve a in Fig. 3 in addition to somewhat change of their intensities. These results indicate that the obtained PL arises from the LN film and is closely connected with the crystalline SiO 2 substrate.
The PL band at 2.3 eV at 77 K has been observed in crystalline SiO 2 and amorphous SiO 2 with irradiation of x rays. [15] [16] [17] [18] In view of its polarization property and annihilation effect at room temperature as well as the above obtained experimental results, we infer that the 2.3 eV band arises from the self-trapped excitons in the LN film induced during XPS measurements. For the 2.2 and 2.14 eV bands, we suggest that they may arise from the EЈdefect centers connected with a great number of the oxygen vacancies in the LN film as reported in the previous literature. 17, 18 Further investigations on the origins of these bands are in progress.
In conclusion, we have studied the PL at room temperature and liquid nitrogen temperature from the optical waveguiding LN film formed on ͑001͒-oriented crystalline SiO 2 substrate by PLD. A broad band peaked at 2.2 eV at 300 K and three luminescent bands peaked at 2.3, 2.2, and 2.14 eV at 77 K with different polarization properties obtained. Spectral analysis indicates that they are associated with the self-trapped excitons in LN films and the EЈ defect centers produced during LN film growth.
